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Fig. 1-1. Location of the study area in this paper. The area is divided into the southern 
Kumano-nada, the southern Kii Channel, and northern Kii Channel. Locations of observation 
points, WS08, WE25 and WE35 which are selected as representative points for the northern 
Kii Channel, the southern Kii Channel and the southern Kumano-nada, respectively. The 
locations oftwo tide gauge stations at Kushimoto and at Uragami are shown with V. Bottom 
topography is shown. Numerals attached to bottom contours indicate depth in m. Locations of 
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Fig. 2-1. Locations of observation points, WS08, WE25 and 
representative points for the northern Kii Channel, the 
southern Kumano-nada, respectively. Bottom topography 
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Fig. 2-2. Schematic representations of typical flow patterns ofthe Kuroshio in the vicinity of the 
Kii Peninsula: (a) at the time that the Kuroshio is flowing in a straight path, (b) at the time 
that the Kuroshio is flowing in a large meandering path. The Kii Bifurcation Current is 
usually observed off the southwest coast of the Kii Peninsula when the Kuroshio flows in 
the straight path. Warm water often intrudes along the edge of the large cold water off 
Enshu-nada into the Kumano-nada area. (c) and (d) indicate transient states from the 
straight path to the large meandering path. A cold water mass is developed off the Kii 
Channnel in the first stage (c), and then the cold water mass passes Cape Shjionomisaki and 
is abruptly developed into a large area of cold water. The transition from the large 
meandering path to the straight path is gradual in the vicinity of the Kii Peninsula. 
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Fig. 2-3. Satellite image of the surface temperature distribution just before the development of a 
coid water mass off the Kii Channel prior to the formation of the large meandering path of 
the Kuroshio. Numerals attached to isotherms indicate the temperature in ~C which is also 
differentiated by coloration. The picture was taken by the Fisheries Research Division, Mie 
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Fig. 2-4. Temperature anomalies (in ~C) from the standard averaged seasonal variation (an 
example of the standard variation is shown in Fig. 5-14 for WS08) are plotted against the 
separation distance (in nautical miles) from the KuroshiQ axis measured southward from 
Cape Shionomisaki: a) for the temperature at 50m depth at SW08, b) for that at 100m depth 
at WE25, and c) for that at 100m depth at WE35. Data observed in the period from 1963 to 
1995 were used. Data are grouped for segments along the horizontal axis. The widths of the 
segments were selected so that all segments include roughly the same number ofdata. So, the 
width of the segment tends to increase as the distance of the Kuroshio axis increases. Black 
circles connected with bold line in the figure is the averaged temperature value for each 
segment. Vertical and horizontal bars attached to each black circle indicate standard 










o 30 50 100 
Distance (milc) 
150 200 
Fig. 2-5. Depth (in meters) of 15~C surface at WE25 against the separation distance (in nautical 
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Fig. 3-1. Observation sites ofthe R/V Seisui-maru of Mie University on June I 1-14, 1996 and of 
the R/V Wakayama of the Fisheries Experimental Station, Wakayama Research Center of 
Agriculture, Forestry and Fisheries on June 1 1-12. The CTD observation points by the R/V 
Seisui-maru and by the R/V Wakayama are indicated with black circles and white circles, 
respectively, and the XBT observation points by R/V Seisui-maru with x. The horizontal 
temperature distribution at the depth of200 m (in ~C) is also shown. 
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Fig. 3-2. Temperature cross-sections (in ~C) along three north-south lines of R/V Seisui-maru. 
The right panel shows the condition to the east of Cape Shionomisaki, the middle that just to 
the south of Cape Shionomisaki, and the left that to the west. (See Fig>. 3-1 for their 
positions). Dots indicate the data points used for this analysis. 
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Fig. 3-3. Surface current field (5 m) measured by ADCP 
1996. a indicates the position of the Kushimoto tide 
tide gauge station, and c Cape Shiono-misaki. 
of the R/V W kayama on June ll-12, 
gauge s ation, b that of the Uragami 
Table 3-1. Current directions and speeds measured by R/V Wakayama at three depths (5, 50 and 
lOO m). The direction is measured clockwise from north. See h~lg. 3-3 for the positions of 
the observation lines A through E. The numerals in the leftmost column indicate the distance 
from the coast along each observation line. 
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Table 3-2. Centrifugal forces and Coriolis forces (in c.g,s) for three current speeds, when the 
current is assumed to follow the 200 m bottom contour just to the east of Cape Shionomisaki. 
v is the current speed, r the radius of the circle which is used to approximate the 200 m 
contour near Cape Shionomisaki (25.9 km), and f the Coriolis parameter at 33.5N (0.77 X 
l0~4s~i). 
V 1 OOcmls 1 5 Ocmls 200cm/s 
v2lr 
Fv 
0.39 X 10~2 
0.77 X 10~2 
.87 X 10~2 
1 . 15 X 10~2 
1 .56 X 10~2 
1 .54 X 10~2 
200 m 
Cape Shionomisaki 
Fig. 3-4. Coastline and 200 rr} bottom contour in the vicinity of Cape Shionomisaki. The bottom 
contour just to the south and to the east is approximated by a circle (drawn in bold in the 
figure: the radius of the circle is 25.9 km). Black dots indicate the positions of two tide 
gauge stations, Kushimoto and Uragami. The sea level difference between these two stations 
















Fig. 3-5. Correlation between the position of the Kuroshio axis measured due southward from 
Cape Shionomisaki (in km) and the sea level difference between Kushimoto and Uragami 
(in cm). The distance was determined from the Prompt Report of Oceanographic Conditions 
published bimonthly by the Hydrographic and Oceanographic Department, Japan Coast 
Guard, and the sea level difference averaged for each half month is used. Black circles 
indicate the data which were taken at the time of a large meander and white circles those 
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Fig. 3-6. Correlation between the positions of the Kuroshio axis measured due southward from 
Cape Shionomisaki (in mile and km) and the sea level difference between Kushimoto and 
Uragami (in cm) during January 1999 to December 2003. The distance was determined from 
satellite image of surface temperature distribution by the Fisheries Experimental Station, 
Wakayama Research Center of Agriculture, Forestry and Fisheries, and the sea level 
difference averaged for each day is used. 
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Fig. 3-7. Fishing ground for flying fish near Cape Shionomisaki is shown as a hatched area. 
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Fig. 3-8. Correlation between the position of the Kuroshio axis measured due southward from 
Cape Shionomisaki (in mile) and monthly catch (CPUE: kg/boat/day) of flying fish in 
1987-2002. Black circles indicated the data August to November and white circles those 
April to July. 'Ol.8 and '9_ 9.9 indicate the monthly catch in August ?_OOI and September 
l 999, respective]y. 
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Fig. 3-9. Variation ofthe daily averaged value ofthe sea level difference between Kushimoto and 
Uragami for the period from September to November 1999 (upper panel) and July to 
September 2001 (lower panel). The horizontal dashed line at 25cm difference in the figure is 
the threshold value whether the Kuroshio has a straight path or a large meandering path. The 
straight path usually occurs if the difference is larger than 25cm, and the meandering path 
occurs if it is near or smaller than 25cm (Fujita, 1997). 
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Fig. 3-10. Let~t side figures show current fields at 5m depth at the time of the best catches of 
flying f~sh during the period from June 1990 to March 1993. Figures are aligned from top to 
bottom in order to CPUE (catch per unit effort): CPUE was 569kg/boat/day on October 3 1 , 
1991 (upper figure), 338 kg/boat/day on October 29, 1992, and 250 kg/boat/day on 
September 16, 1992. Right side figures show current field at 5m depth at the times of the 
poorest catches: O kg/boat/day on September 10, 1990 (upper figure), O kg/boat/day on 
October 24, 1990, and 35 kg/boat/day on October 29, 1990. Current velocity was measured 
with ADCP by the R/V Wakayama. Scales of current vector and of distance are shown near 
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Fig. 3-11. Location of the Bifurcation Current. A typical ADCP observation line is shown 
together with the current field at a depth of 5 m on June 28, 1991 . The observation line was 
usually selected so as to follow the 100m depth contour which runs almost parallel to the 
coast. The current field shown is a typical example ofthe Bifurcation Current (1: the Typical 
Bifurcation Current). A: Cape Seto, B: Cape lchie, C: Hiki River, D: Susami, E: Cape Esu, 
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Fig. 3-12. Typical examples of the Eastward Current (II: top-left. April 8, 1996), the Westward 
Current (III: top-right, December 6, 1993), the Converging Current (IV: bottom-left, May 9, 







3-13. Occurrence frequency of each flow pattern; I: the Bifurcation Current, 
Eastward Current, 111: the Westward Current, IV: the Converging Current and 
lrregular Current. The occurrence frequencies are given both by number and by 
shown in each corresponding section (numbers in parenthesis indicate the 
Bifurcation Current). 
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C~tpe lchie Silsanri Cape Shionomisaki 
Fig. 3-14. The frequency histograms against the position (in longitude) are shown for both the 
Bifurcation Current (upper frgure: including the Typical Bifurcation Current) and the 
Typical Bifurcation Current only (10wer frgure). Two figures show an almost identical shape, 
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Fig. 3-15. Scattered nature of the bifurcation position: the observed position in longitude are 
given on the ordinate, and the observation time on the abscissa. Black triangles indicate the 
case of the Typical Bifurcation Current. Note that the data points are distributed almost 
evenly in the region between 135 ' 20'E and 135 ' 40'E, and no Typical Bifurcation Current 
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Fig. 3-16. The standard line where the current divergence was determined. 
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Fig. 3-17. An example of the distribution of the divergence value (in 
standard line (June 28, 1991). The arrow is the bifurcation point. 
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Fig. 3-18. Correlation between the daily average value the sea level difference between 
Kushimoto and Uragami and the current divergence averaged over the central portion of the 
standard line (Fig. 3-16) . Black dots indicate the case of the Typical Bifurcation Current. 
White dots indicate the other Current pattern which t.he other Bifurcation Current, the 
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Fig. 3-19. Distributiops ofthe current divergence (in l/sec.) along the standard line averaged for 
each year. The distribution averaged for the whole analyzed period from 1988 to 1996 is 
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Fig. 3-23. Temporal variations of the position of the Kuroshio axis measured southward from 
Cape Shionomisaki (in nautical miles and in km), and the sea level difference between 
Kushimoto and Uragami (in cm: see Fig, 3-1 1 for the positions of these tide gauge stations). 
This sea level difference is usually used for monitoring the Kuroshio path off the Kii 
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Fig. 3-25. Position of the Kuroshio axis measured southward from Cape Shionomisaki and the 
sea level difference between Kushimoto and Uragami for each current pattern. 
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Fig. 3-26. Correlation between the daily average value of the sea level difference between 
Kushimoto and Uragami and the current velocity in the vicinity of Cape Shionomisaki, 
where locate the east area of the Bifurcation Current. Black dots indicate the case of the 
Typical Bifurcation Current. White dots indicate the other Current pattern v~'hich the other 
Bifurcat.ion Current, the. Eastward Current, the Westward Current, the Converging Current, 
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Fig. 3-27. Observation sites of the R/V Seisui-maru of Mie University on June I 1-14, 1996 and 
of the R/V Wakayama of the Wakayama Research Center of Agriculture, Forestry and 
Fisheries, Marine Fisheries Experimental Station on June 11-12. The CTD observation 
points by the R/V Seisui-maru and by the R/V Wakayama are indicated with black circles 
and white circles, respectively, and the XBT observation points by R/V Seisui-maru with x. 
The horizontal temperature distribution at the depth of200 m (in ~C) is also shown. 
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Table 3-3. Observation periods, positions of the observation lines and observation items. These 
lines are taken roughly parallel to the c.oastline. In the names of lines and of runs, the first 
Roman numbers indicate the cruise number; the capitals A through E, indicate the 
observation lines parallel to the coastline in alphabeticai order from coast to offshore in 
each cruise: small letters, a through c indicate the north-south observation lines in Cruise I 
from west to east. The A Iine survev_~s were taken roughly along the 100 m depth contour, 
and were identical for all cruises (the A Iine). The CTD used was the Niel-Brown Mark 111B, 
and the used ADCP was the CI-30 of Furuno Electric Co. Current speeds at three prescribed 
levels can be measured, and 5m, 25m and 50m levels were selected in Cruise I, 5m, 25m and 
75m levels in Cruises 11 and 111, and 5m, 25m and 65m levels in Cruise IV, respectively. The 
observation periods ofthe repeated runs are shown on the right in the corresponding figures. 
Cruise Lme name Starting Ending 
Time Position Time Position 






20:34, Oct. 29 
OO:OI Oct 30 
11:41, Oct 30 
i9:16, Oct. 30 
21:44, Oct 30 
03:53, Oct. 31 
33 24.9'N 135 45.6'E 
33 " 30.0'N 135 ' 20.0'E 
32 " 40.0'N 135 ' 45,2'E 
33 ' 5.4'N, 135 ' 43,2'E 
33' 31,7'N 135' 15.4'E 
33 ' 0.0*N, 136" 09 9'E 
22: 2, Oct. 29 
09:51, Oct. 30 
19:0  Oct 30 
2 1 :24, Oct. 30 
OO: 17  Oct. 3 l 







35.0'N, 135 ' 
30.0'N, 135 ' 
25 O'N, 135 " 
3 .9'N, 135" 
21.8'N, 135 " 
30.0'N, 136' 



















22:44, Jun. 24 
02:03 Jun 25 
04:54, Jun. 25 
08:43, Jun. 25 
12:14 Jun. 25 
l 7: i I . Jun. 25 
23:11, Oct, 14 
22:22 Oct. 15 
Ol:12,0ct 16 
04:12, Oct 16 
07:12, Oct. 16 
33 25.0'N 135 46.0'E 
33 34.1'N 135 13.1'E 
33 21.5>N 135 44,2'E 
33 ' 8,5'N, 135 " l0,4'E 
33 13 7'N> 135 40.6'E 
33 34.0'N, 135 20, I 'E 
33 25.0'N, 135 
33 23.0'N, 135 
33 32 l*N, 135 
33 7.5'N, 135 
33 25.0'N 135 





Ol :37. Jun. 25 
04:29, Jun. 25 
08:03, Jun 25 
10:53, Jun. 25 
15:45  Jun. 25 
13:57, Jun. 26 
22:03, Oct. 15 
OO:51, Oct, 16 
03:44, Oct. 16 
06:52, Oct. 16 












36.2'N, 135 ' 
23.2'N, 135' 
3 .3'N, 135 ' 
18.1'N, 135" 
24.6'N, 135 " 
24.8'N, 135 ' 
24.9'N, 135 ~ 
33.9'N, 135~ 
2 .1'N, 135 " 
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Fig. 3-28. Variation of the daily averaged value of the sea level difference between Kushimoto 
and Uragami for the period from October 1996 to December 1997. The horizontal dashed 
line at 25 cm difference in the figure is the threshold value whether the Kuroshio has the 
straight path or the large meandering path. The straight path usually occurs ifthe difference 
is larger than 25 cm, and the meandering path occurs if it is near or smaller than 25 cm 
(Fujita 1997). The periods ofthe four cruises are indicated with bold bars under the column. 
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Fig. 3-29. Current distributions in the period from June 24 to June 25 (Cruise II) for three depths 
of 5 m (upper figure), 25 m (middle firgure) and 75 m (lower frgure). The current vector is 
given as the averaged value over each observation time of I min. Iength, which contains 4-5 
raw observed data points. The current data at 75 m along Line A were erroneous as the 
measurements were made near the bottom (not shown here). The magnitude of the current 
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Fig. 3-31. Temporal variation ofhourly value ofthe sea level difference between Kushimoto and 
Uragami during Cruise II. The sea level difference tends to decrease during the repeated 
observations. Such short-period variation can barely be seen in the variation curve of the 
daily average (Fig. 3-28). The time of the multi-1ine observation and the repeated 
observation are indicated in the figure. Numerals with arrows indicate the run number ofthe 
repeated observation. 
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Fig. 3-32. Current field of each repeated run of Cruise 11 at 5 m depth. The observation period of 
each run is shown in the rightmost portion of each row of the frgure. The bold horizontal 
line at the bottom of the figures indicates the position where the current divergence was 
averaged (Table 3-4 and Fig. 3-44 a). The time required to carry out each repeated line is 
usually less than 2 hours, and tidal currents appear not to influence the flow pattern. The 
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Fig. 3-33. The alongshore (1eft figures) and onshore (right figures) velocity components averaged 
for each I km segment of the A Iine for repeated runs in Cruise II. The current value is 
given for the central portion of the standard line (35 km in length from 33' 33.0'N, 135' 
23.0' E to 33' 25.8'N, 135" 44,1'E: see Fig.3-32 for its position). The full scale of the left 
figures is from -2 to 2 kt (-1.0 to 1.0 m/s), and that of the right frgures is from -1 to I kt 
(-0.5 to 0.5 m/s). 
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Table 3-4. The averaged current divergence along the central segment (35 km length) of the A 
line (in l/s) at 5 m and 25 m depths for each repeated run of Cruise II. The position ofthe 
central segment is shown in Fig. 3-32. 
Line name Depth 
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Fig. 3-34. Same as in Fig. 3-31 except for Cruise I. 
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Fig. 3-35. The observation sites ofthe CTD observations in Cruise I, and the resultant horizontal 
temperature distribution at the depth of200 m (in ~C). 
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Fig. 3-36. Current profiles at 5m (upper figure) and 50m depth (lower figure) in l-A(1) Iine in 
Cruise I. The magnitude of the current vector is indicated at the left-lower corner of the 
figure (in kt = 0.5 m/s). 
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Fig. 3-37. Horizontal distribution of the current in l-A(2) and l-B in Cruise l. The magnitude of 
the current vector is indicated at the left-lower corner of the figure (in kt = 0.5 m/s) 
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Fig. 3-39. Same as in Fig. 3-32 except at 5 m depth for 10 repeated runs in Cruise 111, 
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Fig. 3-40. Current distribution at 5 m (upper), 25 m (middle), 75 m (10wer) depths at the time of 
the multi-line observation Cruise 111. The magnitude of the current vector is indicated at the 
left-lower corner of the figure (in kt = O.5 m/s). 
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Fig. 3-42. Current fields of each repeated run. IV-A(1) through IV-A(10), of Cruise IV at 5 m 
depth (1eft figures) and at 65 m depth (right frgures). The observation period of each run is 
shown in the rightmost portion of each row of the frgure. The magnitude of the current 
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Fig. 3-44. Correlation between the hourly value the sea level difference between Kushimoto and 
Uragami and the current divergence averaged over the central portion of the standard line. 
a) At the tirne of the repeated runs in Cruise II. The regression line is shown with a full line 
and the square of the correlation coefficient is shown in the figure, b) At the time of the 
repeated runs in Cruise 111: white dots indicate the case that the raw value of the sea level 
difference is taken in the ordinate, and black dots the case that the sea level difference has 
been used after elimination of the tidal signal (see Fig, 3-38). The regression lines are 
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Fig. 4-1. Locations oftemperature observation points are shown with @ marks. Names of the set 
nets are shown for these observation points. Temperature sensors were attached to buoys of 
the set nets, and temperature at 20m depth was measured. See Table I for details of the 
observations. The figure also shows the location of routine surface temperature observation 
points with ~ marks, station names are Sabiura (Sb), Kushimoto west coast (Kw), 
Kushimoto east coast (Ke), and Katuura (Ka). The locations of two tide gauge stations at 
Kushimoto and at Uragami are shown with ~ marks, 
Table 4-1. List ofobserved data numbers in days and water depth at the set net stations (see Fig. 










UKUI TAIJI URAGAMI SHIMOTAWARA 50m 50m 33m 34 m 
KASHINO 
40 m 
1972 Dec- 1973 June 
1973 Dec- 1974 May 
1974 Dec- 1975 June 
l 975 Dec- 1976 June 
1976 Dec- 1 977 June 
1977 Dec- 1978 May 
1978 Dec- 1 979 June 






































* measured by Aanderaa RCM-4 from Feb. 9, 
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Fig. 4-2. Variations of daily averaged temperature at 20m for period from December to next June 
of each year from '72 to '80. As seen in Tab]e 4-1 , available observations differ year by year. 
All of the available data are shown altogether in each figure. All of the variation curves 
from '72 to '80 are given in the uppermost panel. The variations for each year are given in 
other panels in order from 1972-1973 through '79-'80. The Kuroshio flowed in the straight 
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Fig. 4-3. Temperature variations at three points, Ukui, Shimotawara, and Kashino in the period 
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Fig. 4-4. Temperature variations at three points, Ukui, Taiji, and 
December 17, 1974 to January 17, 1975. Hourly values are used. 
of these observation points. 
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Fig. 4-5. Temperature variations at four points, Ukui, Taiji, Shimotawara, and Kashino in the 
period from February 6 to 17, 1974. Hourly values are used. See Fig. 4-1 for the location of 
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Fig. 4-6. Horizontal temperature distributions at the sea surface (left figure) and at 50m depth 
(right figure) on February 12-19, 1974. Numerals attached to isotherms indicate temperature 
in 'C. w and c indicate warm water tongue and cold water tongue, respectively. Data 
observed by the Fisheries Experimental Station, Wakayama Research Center of Agriculture, 
Forestry and Fisheries, the Fisheries Research Division, Mie Prefectural Science Technology 
Center, the Aichi Prefectural Fisheries Experimental Station, and the Hydrographic and 
Oceanographic Department, Japan Coast Guard were used. Current field observed with GEK 
is shown in the left figure together using information given by the Hydrographic and 
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Fig. 4-7. Cross-sectional temperature along two lines A-A' (upper figure) and B-B' (middle 
figure) the positions of the lines are shown in the lower figure. Numerals attached to 
isotherms indicate temperature in ~C. w and c shows relatively warm and cold portions, 
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Fig. 4-8. Temperature variations at flve points, Atawa, 
(from top to bottom) in the period from March 1 8 
observation points. An abrupt temperature jump is 
arrows. 
Ukui, Taiji. Shimotawara, and Kashino 
to 25, see Fig. 4-1 for location of these 
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Fig. 4-9. Same as Fig. 4-8, except for the period from April 21 to 29, 
attention to the events shown in the figure with hatched area. 
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Fig. 4-10. The upper frgure shows temperature variations at five points, Atawa, Ukui, Taiji, 
Shimotawara, and Kashino (from top to bottom) in the period from February 1 5 to March 3 1, 
1980. See Fig. 4-1 for the location ofthese observation points. An oblique line in the figure 
indicates the temperature decreasing event on March 1-2, and arrows the temperature 
increasing* event on March 1 3-15. The lower figure shows variations of daily catch numbers 
of yellowtail at four set nets at Ukui, Taiji, Shimotawara, and Kashino. Gaps of horizontal 
bars indicate days of no fishing activity. Cross marks indicate the catch was nothing, smail 
white circles in the range bet~veen the catch number i and 9, smali 5lack circies between the 
catch number 10 and 99, Iarge white circ]es between the catch number 100 and 999, Iarge 
biack circles over the catch n.umber I ,OOO. 
89 
a) Om Temp. 
~5' 
r 
'80' Mar' I J~'lO 
lo 5i215 15 ~ li 15 v 8 ~'~ 7 )~]:L~ ' ~ 16 :~~i~l5~¥-~ lg 
r~ W 
tg W 8 ~; rlg 
~+~~ 
'80, Mar. 1 1 't'20 14 13 
15 43 f:~?:c 
t5 '=** 14 17 la t8 ' 15 
21 zo t9 
w 20 Isl~1 





b) 200m Temp. 
'80' Feb'l I - Mar' 





e' 18 Ig 
 
t ___]8//~ Isl7 
o 
'80' Mar'3- 1 5 
.~ '. J~7(Z__=g,,~) ;~:~=:(C~~~r~'= " 
'= . '*~~~~~" ' ,,'* '' (r,1 
35'N 
35*N 
'', = ' ',.= 1 3"'= ' 3o'E , +,'E Fig. 4-11. Surface temperature distributions based on data taken in the period from March I to 10, 
l 980 (upper left figure) and based on data taken in the period from March 1 1 to 20, 1980 
(Iower left figure) after the Japan Fisheries Information Center, and temperature distribution 
at 200m depth based on data taken in the period from February 1 1 to March 6, 1980 (upper 
right) and based on data taken in the period March 3 to 15, 1980 (lower right figure) after the 
Prompt Report of Oc.eanographic Conditions published bimonthly by the Hydrographic and 
Oceanographic Department, Japan Coast Guard. Numerals attached to isotherms indicate 
temperature in ~C, w and c show relatively high and low temperature portions, respectively. 
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Fig. 4-12. The upper figure shows variations of water temperature at 10m depth at three set net 
stations, Ukui, Shimotawara, Kashino. See Fig. 4-1 for the location of these observation 
points. In the period from February I to 28, 1986. Variation at Im depth at Goboo on the 
western coast of Kii Peninsula (see Fig. I -] for its location) for the same period. The lower 
frgure shows variations of daily catch number of yellowtail at four set nets at Ukui, Taiji, 
Shimotawara, and Kashini. Gaps of horizontal bars indicate days of no frshing activity. Cross 
marks indicate the catch ¥vas nothing, sma]1 white circles in the range bet~¥'een t.he catch 
number ~ and 9, small black circies between the catc.h nurnber 10 and 99, Iarge black circles 
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Fig. 4-13. Location of observation points for special observations conducted on August 
28-29 (white circles), and on September 2-5 (black circles), 1985. Station names are 
attached to stations, Line A through line G are the observation lines adapted in the 
observation on August 28-29. CTD observations were conducted by using R/V 
Wakayama. Points shown with double circ]es indicate the set net observation points, 
and those shown with triangles indicate routine surface temperature observation 
points: Sb is Sabiura, Kw is Kushimoto west coast. Ke is Kushimoto east coast, and 
Ka is Katuura. Locations oftide gauge stations at Kushimoto and Uragami are shown 
by star marks. Location oftowns, rivers and so on are also shown. 
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Fig. 4-14. Variations of temperature at lOm depth at two set net stations of Taiji and Kashino 
(see Fig. 4-1 or Fig. 4-13 for their locations) in the period from August 28 to September 7, 
1995. Variation of three hourly interval wind velocity at Cape Shionomisaki is shown 
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Fig. 4-15. Daily maximum instantaneous wind velocity (a: scale of wind speed is shown right 
upper), of surface temperatures (b: in ~C) at four routine surface temperature observation 
points, Sabiura (Sb), Kushimoto west coast (Kw). Kushimoto east coast (Ke), and Katuura 
(Ka) (see Fig. 4-13 for their locations: Sb and Kw are located to the west of Cape 
Shionomisaki, and Ke and Ka to the east of Cape Shionomisaki), at 9:OO a.m., of sea 
level difference (c: in cm) between Kushimoto and Uragami tide gauge stations (the 
nominal sea level value at Kushimoto is subtracted by that at Uragami), of daily catch (d: 
in kg/boat/day) and species constitution (e: in o/o: classification of species is shown below 
the figure) by stick-held dip net boats belonging to the Katuura Fisheries Co-operative 
Association. 
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Fig. 4-16. Variations of horizontal temperature fields at the sea surface (upper figures), and at 
10m depth (middle figures), and horizontal salinity field at 10m depth (lower figure). 
Distributions observed on August 28-29, September 2-3, and September 5, 1985 are 
shown in left, middle, and right panels, respectively. Numerals attached to isotherms 
indicate temperature in ~C, and those attached to salinity isopleths indicate salinity in psu 
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Fig. 4-19. Variation of northward and westward components velocity (upper figures) observed 
at Cape Shionomisaki, and of temperatures at '_Om depth (lower fi*"ures) at three set net 
stations, Taiji, Shimotawara, and Kashino (see Fig. 4-13 for their locations) in the period 
from A~ril 7_9 to May 6, 1973. The portion that wind blew in a favorable direction for 
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Fig. 4-20. Variation of northward components of wind velocity (upper figures) observed at 
Cape Shionomisaki, and of temperatures at '-Om depth (Iower figures) at three set net 
stations, Kinomoto, Shimotawara, and Kashino (see Flg- 4-13 for their locations) in the 
period from April 3 to 10, 1975. The portion that wind blew in a favorable direction for 
coastal Llpwelling is shaded. 
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Fig. 4-21. Variation oftemperature at 20m depth at three set net stations of Taiji, Shimotawara, 
and Kashino (see Fig. 4-13 for their location) in the period from May 17 to 23, 1979. 
Variation ofthree hourly interval wind velocity at Cape Shionomisaki is shown above the 
figure, Scale of wind speed is given at the right upper corner. 
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Fig. 4-22. Variation oftemperature at lOm depth at the fish farm buoy station, (see right figure 
for its location; C) in the period from August 14 to 21, 1979. Variation of three hourly 
interval wind velocity at Cape Shionomisaki is shown above the figure. Scale of wind 
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Fig. 5-1. Station maps of the routine observations carried out by the Fisheries Experimental 
Station, Wakayama Research Center of Agriculture, Forestry and Fisheries (renamed from 
the Wakayama Prefectural Fisheries Experimental Station). (a) Stations of the offshore lines: 
white circles indicates CT.D stations, x XBT stations, and + surface water sampling stations. 
Station name is attached to each CTD station. A CTD station between AI-7 and AI-8 is 
occupied optionally and no name is given. AI and SI are the line names. (b) Stations of the 
coastal lines (white circles) and shallow water lines (black circles), respectively. Numeral 
attached to each station is the station number, and WS is attached before the station number 
for the shallow water stations and WE for the coastal stations number, respectively. The 
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Fig. 5-2. Locations of 8 automatic temperature observation stations, K2, K3, K4, K5, K6, K7, Ol, 
and 02. Temperature sensors were set by using buoys of available fixed shore net, coastal 
piers and so on. Details of observations such as water depth, sensor depth, instrument type, 
setting condition and so on are shown in Table 5-1. The observations were conducted during 
April and May in 1994. KU and UR indicate locations of tide gauge stations of Kushimoto 
and Uragami, respectively. Fishing ground of two-boat encircling net off Kii Channel is 
shown with hatched area. 
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Thermister chain 3 
Thermister chain 
*1. Manufactured by Rigo Co. Ltd. 
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Fig. 5-3. Horizontal distribution of current velocity on 17m depth surface, which was observed 
with ADCP by the Fisheries Experimental Station, Wakayama Research Center of 
Agriculture, Forestry and Fisheries in the period from November 20 to 2 l, 2001 . The scale of 
velocity vector is given near the left bottom corner. 
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Fig. 5-4. Horizontal distribution ofthe water temperature at 200m depth based on data taken in the 
period from November 12 to 1 8, 2001. Numerals attached to isotherms show temperature 
in ~C. Positions ofobservation points are given by black dots. 
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Fig. 5-5. Same as m Flg _~-3, except for the period from August 24 to 25, 1999. 
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Fig. 5-6. Same as in Fig. 5-4 
, 
except for the period from August 20 to 25, 1999. 
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Fig. 5-7. Near surface current field based on ADCP observations conducted by various agencies 
in the area off Tosa Bay and the Kii Channel in the period from August 22 to 3 1, 1999. The 
observations include results of a special project conducted by the Fifth Maritime Safety 
Headquarter, and of routine observations conducted by the Fisheries Experimental Station, 
Wakayama Research Center of Agriculture, Forestry and Fisheries. (Special Issue of Prompt 
Report of the Regional Oceanographic Condition published by the Maritime Safety 
Headquarters on September l, 1999.) The scale of velocity vector is given in left top corner. 
Position ofthe current zone ofthe Kuroshio is shown with two bold curves. 
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Fig. 5-8. Same as in Fig. 5-3, except for the period from August 29 to 30, 2001. 
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Fig. 5-9. Same as in Fig. 5-4, except for the period from August 24 to 30, 2001 . 
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Fig. 5-10. Temperature cross-section along the longitude of 134~55'E (AI Iine) on August 29-30, 
2001. Numerals attached to isotherms indicate temperature in ~C. CTD observation points 
are shown above the figure with station names. Two points between AI-9 and AI-10 and 
between AI-10 and AI-1 1 are XBT observation points. Data were read at the interval of 5m 
for each station. Two vertical arrows shown above the figure indicate boundaries of zone of 
westward current, determined from ADCP observations (Fig. 5-8). 
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Fig. 5-11. Same as in Fig. 5-iO, except for on November 20-21, 2001. Zone of westward current, 
indicated by the two arrows, was determined from ADCP observations (Fi_~. 5-3). 
121 

Fig. 5-13. Satellite images of sea surface temperature data source from AGROPEDIA of the 
Agriculture, Forestry and Fisheries Research Center. (a) April 21-22, (b) April 24-25, (c) 
April 26-27, and (d) April 28-29, 1994. Correspondence of color to brightness temperature is 
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Fig. 5-14. Seasonal variation of temperature at 50m depths observed adjacent to SW08. All 
temperature values observed in the period from 1967 to 1996 are plotted against the day 
number counted from January I of each year. The solid curve shown in the figure is the 
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Fig. 5-15. Seasonal variation of vertical temperature profile in each year from 1976 to 1985. 
Numerals attached to isotherms indicate temperature in ~C. Portions where temperature is 
below 1 8~C are colored with gray. Arrows below the figures indicate the time when cold 
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5-16. Temporal variations in the period from 1967 to 1996 ofthe distance (in nautical miles) 
of the Kuroshio axis, which was measured southward from Cape Shionomisaki (a), of 
averaged temperature for July, August and September data of each year (white circles) and of 
the minimum temperature among three months (black circles) measured at 50m depth of 
SW08 (b), and of averaged and the maximum salinity obtained by the same manner (c). The 
distance of the Kuroshio axis was determined from the Prompt Report of Oceanographic 
Conditions published bimonthly by the Hydrographic and Oceanographlc Department, Japan 
Coast Guard. The values plotted here are bimonthly data (thin line) and '_.5 months running 
mean (bold line) in the top figure. Distance of 30 nautical mile is shown with a horizontal 
line. The horizontal dotted iine in the middle fi**ure shows 18~C. The typical cold bottom 
water is deflned when the minimum temperature is below this temperature. Verticai dashed 
lines indicate the occurrence years of cold bottom water, except for 1968, 1986 and 1991 












･_o 25 30 ~ 
Fig. 5-17. Vertical temperature profiles in August from 1988 to 1996 at WS08 
to each profile indicates the measured year. 
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Fig. 5-18. Temperature (upper figures) and salinity (lower figures) cross-sections along AI Iine on 
July 18-19 (a), along line B on August 1-2 (b), and along AI Iine on August 21-22, 1995. The 
positions of the lines AI and B are shown in Fig. 5-19. Numerals attached to isopleths in the 
figures indicate ternperature in I ~C (upper figures), and salinity in psu (lower figures), 
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Fig. 5-19. Locations ofAI Iine and B Iine, along which cross-sectional distribution oftemperature 
and salinity are given in Fig. 5-18. x mark along AI Iine indicates the position of XBT 
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Fig. 5-20. Temperature distribution at the depth of 50m on August 1-4, 1995. Numerals attached 
to isotherms indicate temperature in ~C. Current velocities at 5m depth measured with ADCP 
are shown as arrows. Scale ofthe current velocity is shown in right top in the frgure. Dashed 
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Fig. 5-21. Temporal variations of sea level difference between Kushimoto and Uragami tide gauge 
stations (upper figure), and of temperature (middle figure) and salinity (lower figure) at 30m 
depth of Station K5 in the period from July I to August 3 l, 1995. Nominal observed value at 
Kushimoto is subtracted by that at Uragami for sea level difference. Vertical dashed lines 
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Fig. 5-22. Temperature cross-sections along AI Iine on June 18-19 (upper figure), on July 23-24 
(middle figure), and on August 27-28, 1990, Numerals attached to isotherms indicate 






























































































































































~ Z ~;5 
O 
10 15 20 25 30 35 
Temp-(~)) 
Fig. 5-23. Relation between water temperature (~C) and DlN (Dissolved Inorganic Nitrogen: ,1 
g-atll). The data observed near bottom in August or September in the period from 1976 to 
1990 and from 1992 to 1998 are used. Blue points indicate the data taken in the year that 
summer cold water was observed, black points indicate the data taken in 1990, and red points 
the data taken in the year that summer cold water was not observed. The straight line in the 
figure is the regression line obtained by Fujiwara et al. (1984) for the bottom co]d water 
found in the Bungo Channel between Shikoku and Kyushu. 
141 
15 
~ ~~ Io ~ 
:L 
~5 z :~ 
o 




~ :* Io o~ 
:~ 
~5 z ~s 
o 
10 15 20 
Temp-(~)) 
25 30 
Fig. 5-24. Relation between water temperature (~C) and DlN ( ,x g-at/1) observed in August 
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Fig. 5-25. Same as in Fig. 5-24, except for in August 1982 
(middle figure), and for in August 1988 (lower figure). 
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Fig. 5-26. Same as 
and in August 
in ri_~. _~-24, except for in August 
1983 from top to bottom. 
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Fig. 5-27. Same as in Fig. 
(lower figure). 
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Fig. 5-28. Relation between water temperature (~) and DlN ( ,t g-at/1): (a) in August 1 977, (b) in 
August 1981, (c) in September 1985, (d) in August 1986, (e) in August 1989, (O in 
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Fig. 5-29. Locations of the observation stations conducted on July 25-26, 1995. CTD observation 
and water sampling at Om and 50m depth were made. Station name is attached to each station 
Water sampling at 50m depth was missed at station F-6 where DIN values are not shown. 
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Fig. 5-30. Locations of the observation stations conducted on August 1-2, 1995. Black circles are 
shallow water stations (black circles: usually identified with WS attached on front of station 
number), and white circles are coastal stations (white circles: identified with WE). Numbers 
attached to stations indicate station number. Water samplings in depth interval of 5m were 
conducted at shallow water stations WS08 and WS11, together with CTD observations. DIN 
in the bottom layer (1-3 m above bottom) are given with b]ue numbers in 11 g-at/1. Numerals 
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Fig. 5-31. Locations of the observation stations conducted on August 21-22, 1995. CTD 
observations and water samplings at Om and 50m depth were made. Station name is attached 
to each station. At stations shown by + marks, water sampling were made only for surface. 
Additional water samplings at Om and 50m were made at XBT stations shown with x mark. 
Water sampling at 50m depth was missed at station SI-6. Blue numeral attached to each 
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Fig. 5-32. Locations of the observation stations conducted on August 24, 1995. CTD observation 
and water sampling at Om and 50m depth were made. Station name is attached to each station. 
Blue numeral attached to each station shows DIN at 50m depth in/1 g-at/1. Water sampling at 
50m depth were missed at station F-10 where the DIN value is not shown. 
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(black squares: 
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Fig. 5-34. Relations between temperature and DIN at WS08 (red points) and WS11 (green points). 
See Fig. 5-33 for their vertical profiles. 
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Fig. 5-35. Relation between temperature and DlN for the data taken in the high frequency survey 
conducted in July and August, 1995. Data are classified for observed period and depth ranges 
with various colors and symbols. Details of classification are shown in the table given at the 
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Fig. 5-36. Temporal variations ofplankton biomass in the northern Kii Channel in the period from 
1972 to 1998: figure a shows the variation of wet weight in g/m3, and figure b settling 
volume in ml/m3. The average value over 15 shallow water stations was calculated for each 
month. Data from April to September (spring-summer season) are shown with white circles, 
and those frorn October to March (autumn-winter season) with black circles. Arrows attached 
to the upper margin of the upper figure indicate the year when summer cold bottom water 





















Plankton biomass (g/m 3 ) 











Oct, ~~ '81 
J~n. FBb. Mal. Apl. y June Jul. Aug. s ep .Nov. Deo. Oct. 




















Fig. 5-37. Seasonal variation of plankton biomass (in g/m3) for each year. The variations are 
shown for period I (1972-1981 : upper figure), for period 11 (1982-1990: middle figure) and 
period 111 (199 1-1998). Identification of the year is given with symbols as shown on the right 
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Fig. 5-38. Seasonal variations of the mackerels catch (in tons per month) with two-boat encircling 
net by fisheries boats belonging to Tanabe Fisheries Co-operative Association. The variations 
are shown for period I (1972-1981: upper figure), for period 11 (1982-1990: middle figure) 
and period 111 (1991-1998: Iower figure). Identification of the year is given with symbo]s as 
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Fig. 5-39. Seasonal variations of temperature measured at 50m depth of WS08 (upper figure, 
in ~C), of p]ankton biomass (middle figure, in g/m3), and of the mackerels catch (lower 
figure, in tons). Monthly averaged values are given for period I (white circles connected with 
d~Lshed line), for period 11 (black squares connected with bold line), and for period 111 (white 
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Fig. 5-40. Variation of yearly catch of the scads (xIOOO tons) in the Kii Channel area (including 
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Fig. 5-41. Variations of yearly catch ofthe Japanese Spanish mackerel (in tons). Yearly catches in 
the Kii Channel area (black circles connected with bold line), in Oosaka Bay (black triangles 
connected with thin line), and in Bisan-seto (white squares connected with dashed line) are 
shown in upper figure, and yearly catch in the Harima-nada is shown in lower figure. Periods 
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Fig. 5-42. Variation of the yearly catch of abalones reported by 5 fisheries co-operative 
associations near Cape Hinomisaki is shown in upper figure (a). The averaged surface 
temperature for the period from November to next February in Tanabe Bay (black circles), 
and that at Hiizaki (white circles) are shown in lower figure (b). See Fig. 5-43 for these 
locations. Periods I, II, and 111 are shown at the bottom ofthe upper figure. Horizontal bold 
line in upper figure indicates the averaged yearly catch in the period from 1972 to 1 998. 
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F ig. 5-43. Locations of Cape Hinomisaki, Tanabe Bay and Yuasa Bay. Positions of temperature 
measurement in Tanabe Bay and at Hiizaki are shown as black circles. Locations of Fisheries 
Co-operative Associations (Oobiki, Hiizaki, Goboo, Inami) are shown with white circles. 
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5－7、むすび
　この章では、紀伊水道北部海域を中心に諸種の海況と生物生産について考察した。黒潮直進
時に紀伊水道南部海域の陸棚沖側に現れる反時計回りの冷水渦をまわる流れの一部は、紀伊半
島西部で陸棚上に進入して流れる。この流れは海底にまで達しており、北部海域の海況に大きな
影響を与える。これに対して、南部海域の紀伊半島南西岸沿いに発生する振り分け潮の西の部
分を構成する北西向きの流れは表層に限られており、これが反時計回りの渦（環流）の陸棚部分を
作り上げることは考え難い。しかし、この北西向きの流れが陸棚上に進入した環流に吸収されるこ
とは十分考えられる。また、陸棚上を流れる環流では陸棚縁が東西に走るようになる切目崎沖で、
その主要部も西に向きを変えるが、その一部は北部海域の東岸に沿って北進を続け北部海域内
部に進入していくことが示された。
　水温の上昇期（4－5月）には、紀伊水道東岸に沿って外洋から北部海域に、暖水が顕著なフロ
ントを伴って進入していく現象が、岸沿いの定置網ブイなどを利用した水温の連続観測から明らか
になった。北部海域に進入した暖水は北部海域で反時計回りにまわることが示された。水温の季
節的な昇温の一部は、このような暖水進入によってもたらされるようである。
　北部海域に栄養塩を供給する機構の一っとして、近年、夏季を中心に現れる底層冷水が注目
されている。ここでは、陸棚上の測点（WSO8）の50m水温を使い、7－9月に観測された最低水温が
18℃以下の場合を底層冷水の出現年として解析した。底層冷水は、夏季7－9月の3カ月問に潮岬
南沖の黒潮が30マイル以上に離岸している場合、あるいは小蛇行の通過などで黒潮が短期的に
25マイル以上に離岸した時に出現する。
　この底層冷水に関して1995年のように小蛇行の通過に伴って陸棚沖の冷水ドームの表層部が
壊され、底層冷水が陸棚上に進入してくる事例のあることが明らかにされた。このような機構で進入
する底層冷水は、冷水ドームの中層に起源を持つと考えられ、高い栄養塩類が含まれている。こ
れに対して、蛇行が比較的長く続いていた1990年に発生した底層冷水では、冷水の起源が大き
く離岸した黒潮の強流帯北側にあり、このような場合には底層冷水は貧栄養の状態にある。貧栄
養の底層冷水は1987年にも観測されているが、1985年以降の黒潮が基本的には直進の状態に
あった時期だけをとれば、底層冷水のDIN値は黒潮流軸の変動と密接に関係しているようである。
これに対して、黒潮が大蛇行状態を続けていた1975－1980年の時期に発生した底層冷水では、一
般に栄養塩が高かった。この期問では紀伊水道の海況を明らかにするような観測はなく、その原
因は分からない。この大蛇行期には黒潮流軸の変動が大きく、1977年を中心に大冷水塊の南部
が分離して孤立冷水塊を作るような珍しい現象が報告されており、あるいはこのような変動のため
に、紀伊水道北部海域に湧昇を伴うような冷水渦が生じていたのかもしれない。このように、底層
冷水の栄養塩量は冷水を送り込む位置での沖合の海況によって大きく左右されることが示され、
底層冷水が常に富栄養であるとはいえない。
　典型的な富栄養の底層冷水が発生した1995年に行われた強化観測によって底層冷水の発生
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過程や、栄養塩量の分布やその変遷が明らかにされた。陸棚底層に進入した富栄養な冷水は、
小蛇行通過後に反時計回りの冷水渦が表層まで復活すると共に、切り離された形で北部海域に
取り残された。そのDIN値は時間と共に減少したが、1カ月以上、陸棚上にとどまっていたことが示
された。
　紀伊水道北部海域におけるプランクトン量の時間的変化や、各種の魚種の漁獲量の時問的変
化についても考察した。底層冷水の発生とプランクトン量の間には明確な関係は認められなかった。
底層冷水が北部海域に栄養塩類を供給する働きを否定するものではないが、底層冷水の性質が
年により変化することや、瀬戸内海から表層を通してこれに匹敵ないしは上回る栄養塩の供給が
考えられること等がその理由として考えられる。約30年間の解析期問は、プランクトン量や、漁獲
量の変遷から、各10年程度の3つの期に分類することができる。しかし、各現象相互の間に明確
な関連を見つけることはできなかった。おそらく、この海域には10年程度の周期で変化する種々の
現象があるのであろう。
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第6章まとめと今後の課題
　目本南岸を東進する黒潮は周辺地域に温暖な気候をもたらすと共に、豊かな海洋生物資源を
提供している。紀伊半島周辺海域の海況と漁況は黒潮の影響を強く受ける。その影響にっいて、
体験を通して知られていることは多いが、科学的な根拠・理解は必ずしも十分とはいえない。本論
文は、現場観測を中心とした研究により、黒潮が紀伊半島沿岸の海況に及ぼす影響について明ら
かにすることを試み、その結果をここにまとめたものである。
　第1章では、紀伊半島周辺海域を地形や漁獲特性によって熊野灘南部、紀伊水道南部、紀伊
水道北部の3つの海域に分け、それと関係づけて論文の構成を示すと共に、研究の動機・背景に
ついて述べた。第2章では、紀伊半島周辺の海況に影響する黒潮流路パターンを分類して示
し、それぞれのパターンに対応する特徴を概説した。また、第1章で定義した3つの海域
について、それぞれを代表する観測点を選び、そこで観測した水温と潮岬南方沖での黒潮
流軸の離岸距離との相関を調べ、この離岸距離が紀伊水道周辺海域の海況特性に大きく影
響することを示した。以上、第1章と第2章では、黒潮の変動に伴う紀伊半島周辺の海況
の一般的な特性を概説した。
　古来、黒潮の挙動は、紀州の漁業者にとっては最大関心事の一つである（阪本1989）。紀伊
半島は本州最南端に位置し、目本列島の南岸沿いに流れる黒潮に向かって突き出る形になって
いることから、紀伊半島周辺海域の流況と海洋構造は、黒潮の変動、特にその流路に大きく影響
される。黒潮が直進流路をとる時には、黒潮の強流部が紀伊半島先端の潮岬に接し、振り分
け潮など特徴的な流況が現れる。黒潮の影響は、ふっう、紀伊半島先端部で顕著にあらわ
れ、その影響が隣接海域の海況特性に及ぶと考えられる。そこで、まず紀伊半島先端部（潮
岬）における流況特性、潮岬を挟む東西沿岸の海況および水位差などについて議論した。
次に、これに隣接する熊野灘南部海域と紀伊水道南部・北部海域に現れる特徴的な海況現
象の実態とその発生機構、そして漁業への影響について検討を進めた。より直接的には、黒
潮の内側沿岸域における中規模の海況現象が、沿岸漁業に影響を及ぼすと考えられるので、本
論の第3章以下では、第1章で定義した紀伊水道南部（潮岬周辺を含む）、熊野灘南部、
紀伊水道北部に現れる中規模現象一一具体的には、紀伊水道南部の振り分け潮、熊野灘南部
の暖水舌と沿岸湧昇、紀伊水道北部の表層暖水と底層冷水一一に注目して、その実態と変動機
構、漁業への影響にっいて考察した。
　第3章では、紀伊半島先端付近の流れの特性について論じる。とくに紀伊水道南部海域の紀
伊半島南西岸沖に現れるr振り分け潮」の特性をADCP測流によって明らかにすると共に、漁業と
の関係を調べた。振り分け潮の解析では、主として和歌山県水産試験場（現和歌山県農林水産
総合技術センター水産試験場）の過去9年問のADCP観測資料を使い、振り分け潮の特性を明ら
かにした。これを補完するため三重大学生物資源学部「勢水丸」による4回にわたる詳細な反復観
測・複数測線観測を実施し、振り分け潮の安定性と水平構造を調べた。振り分け潮は、潮岬の黒
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潮離岸距離が’20マイル以内で直進流路の時に出現する。振り分け潮の特性は、100m等深線に
ほぼ沿った測線で最も明瞭に現れ、沖合の測線では振り分け潮のパターンを見いだすことは一般
に難しい。振り分け潮の構造は1日程度の反復観測期間中には、その特性は十分保持され、潮
汐周期の変動は一般的に認められない。振り分け潮の分岐点は、「すさみ」沖とされてきたが、必
ずしも固定されておらず、時には市江埼より西方に現れる。この時、南西岸のみを考えれば東向流
である。この東向流も黒潮直進時に現れることが多く、振り分け潮に準じた流況パターンである。振
り分け潮の東半分の東向流部分は、沿岸近くまで接近した黒潮の北縁強流部にあたる。また、北
西部の北西方向に流れる部分は黒潮の接岸時に紀伊水道南部海域に現れる反時計回りの冷水
渦に関連していると考えられる。この振り分け潮の発生に伴って、黒潮の暖水が紀伊半島南西海
岸の岸近くまで進入し、周辺の海況・漁況、生物相に大きな影響を与える。
　黒潮が典型的な直進流路であった1996年6月に、三重大学「勢水丸」による紀伊半島先端付
近の広域精密観測を実施し、同時に行われた和歌山水試の観測資料を加えて解析した。この時、
黒潮の強流部は紀伊半島先端（潮岬）の陸岸・陸棚斜面に接して流れ、潮岬の西と東の沿岸水
は完全に分離されていた。紀伊半島南西沿岸部には表層部で黒潮系暖水の進入が認められ、典
型的な振り分け潮が確認された。潮岬東方では黒潮は真東へ流れ、この部分の黒潮は潮岬西方
の部分より流速は大きかった。黒潮が紀伊半島先端の潮岬に接岸して、真っ直ぐ東方へ流れ強
流部が陸棚から離れると、半島先端部の東側に冷水渦が形成される。つまり、潮岬の西側には暖
水が、潮岬の東側には冷水が存在することになる。このようにして、黒潮直進時には、串本と浦神
の検潮所間に大きな水位差が生じることになる。一方、黒潮が大蛇行流路をとり、黒潮強流部が
沖合に離れると、潮岬を越えて沿岸水の交換が容易に起こるから、東西での沿岸水は均質化され
串本と浦神間の水位差は解消され、潮岬を境とした沿岸水の分離も生じない。このことが、直線距
離でわずか15kmしか離れていない串本と浦神間の水位差によって、黒潮が直進流路であるか大
蛇行流路であるかを判定できる理由である。従来、このような黒潮流路と水位差との対比は、半月
間の平均値を使って行われていたが、この関係が1日平均の水位差と衛星画像から決めた黒潮
北縁位置の離岸距離に対しても成り立つことを明らかにした。
　第4章では、熊野灘南部海域にみられる特徴的な中規模現象として、暖水舌の沿岸への進入
現象、および沿岸湧昇現象を解析し、その実態と変動過程を明らかにすると共に、漁業への影響
を考察した。暖水舌については、熊野灘沿岸に沿って敷設された定置網のブイを利用した水温の
連続観測を中心に解析した。この連続記録に水温の昇温ジャンプがしばしば観測される。水温ジ
ャンプは太地あるいは宇久井の観測点で最初に現れ、これより南と北の測点では順次遅れて起こ
る。位相の遅れは弧状のフロントの先端部がいち早く岸に到達し、これより南と北ではフロントの形
状から少し遅れて到達することで説明できる。太地あるいは宇久井付近で最初にジャンプが観測
されるのは、暖水の進入経路が大略固定されているためと考えられる。黒潮の直進時では、この暖
水が潮岬東方に形成される冷水渦の外側を回ってくるためと推測される。この暖水進入は、ブリの
群を沿岸域にもたらし、定置網の好漁につながる。
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　熊野灘南部海域において、夏季に南西寄りの強風が1日以上吹き続くと、沿岸水温が急激に
低下することが連続水温記録から示された。この現象の時間スケールは1週間程度である。1985
年夏季に8日間に3回という高頻度の海洋観測を行い、湧昇の発生直前、最盛期、終末期の海
況を明らかにした。最盛期の冷水域の規模は、岸沿いに長さ約30km、幅840kmであった。終末
期には、この冷水域が岸沿いに南へ移動し、最終的には潮岬から黒潮北縁に沿って東方へ伸び
る幅3－5kmのフィラメント状に変形した。沿岸湧昇の発生で、熊野灘南部海域の漁場環境は短期
目で急変し、漁獲される魚種は暖水性のマルノウダからマイワシとサバ類に交代した。沿岸湧昇の
現象はとくに陸棚域で顕著に現れることから、沿岸漁業はもちろん内湾域の養殖漁業あるいは港
内取水施設（例えば種苗センター〉などにも大きな影響がある。なお、顕著な沿岸湧昇が発生する
と、真夏でも19－20℃以下の非常に低い水温となることもあり、海水浴や遠泳大会などでの人身事
故にも注意が必要である。
　第5章では、紀伊水道北部海域を中心に海況と生物生産にっいて考察した。紀伊水道北部海
域の海況に大きな影響を与える紀伊水道への表層暖水と底層冷水の進入現象を、定線観測資
料、定置観測点における水温の連続観測資料、ADCP観測資料などを利用して解析した。黒潮
の直進時には、紀伊水道南部海域の陸棚沖に反時計回りの冷水渦がかなり定常的に存在してお
り、大蛇行の発生時などには消滅する。この冷水渦をめぐる暖水は、紀伊半島西岸の陸棚上に進
入し、その構造は海底近くまで達している。この流れの岸寄りの部分は、しばしば陸沿いに北部海
域へ進入することが示された。表層に限られる振り分け潮の北西流部分が、反時計回りの冷水渦
の循環に寄与しているとは考え難いが、それが反時計回りの渦に連行されていることは十分考えら
れる。この渦に伴う流れは、紀伊水道北部海域の南限の目ノ御埼と蒲生田岬を結ぶ線付近では
酉向流となっている。この西向流は通常強い潮境をもっており黒潮系の中層水の陸棚域への進入
を抑える働きをし、渦が弱まったり消滅したりした時に底層冷水が発達する傾向を示す。この紀伊
水道沖における反時計回りの冷水渦の特性や時間変化を調べるには、和歌山水試による沖合定
線の観測線の間隔が広すぎるし、他の観測も少なく、詳細な議論をすることは難しい。これらのこと
を明らかにするには、この海域で精密観測が必要であり、今後の課題である。
　底層冷水は夏季に顕著となる季節変動がみられる。近年、紀伊水道北部海域の生物生産に影
響する現象として、夏季に陸棚上に進入してくる底層冷水が注目されている。底層冷水は夏季7－9
月に潮岬南沖の黒潮が30マイル以上に離岸している場合、あるいは小蛇行の通過などで黒潮が
短期的に25マイル以上に離岸した時に出現する。また、過去の資料を解析した結果、底層冷水
は常に富栄養であるとは限らず、外洋の海況によっては貧栄養な場合もあることが明らかになった。
特に1985年以降には、黒潮離岸距離と底層冷水の栄養塩量に相関がみられ、具体的には、底
層冷水が、陸棚沖の反時計回りの冷水渦から供給された場合は富栄養となるが、大きく離岸した
黒潮周辺から供給された場合には貧栄養になる事例を示した。
　底層冷水の長期的な変動は、解析した1973－1996の期問では、プランクトン量とサバ類・マルア
ジ・サワラ・アワビ類などの漁獲量の変遷などから10年程度の3っの期間に分けることができた。し
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かし、各現象の相互の因果関係は明確にすることができなかった。したがって、ここでの結果は、こ
の海域に10年程度の持続性のある様々な沿岸現象が多種多様に存在することを示すだけである
かもしれない。ここでは明らかな結論には至らなかったが、底層冷水は幼稚魚の良好な育成場とな
る紀伊水道北部海域に出現することから、紀伊水道における各種の魚介藻類の資源再生産にも
影響することが考えられ、今後とも底層冷水の長期的な変動を研究する必要がある。とくに、栄養
塩量とプランクトンなどの生物生産との関連を明らかにするには、底層冷水の進入に伴う栄養塩類
の負荷量を詳しく季節的、定量的に把握する必要がある。いずれにせよ、この問題は今後の研究
に待つ必要がある。
　本研究では、漁業者が経験を通して知っている振り分け潮、暖水舌、沿岸湧昇、底層冷水進入
などの海況現象をADCP流速計、CTD、自記水温計、衛星画像などを使った科学的手法により詳
細に把握し、今後の研究の発展となる成果が得られた。ここで取り上げたように、地域における海
況と漁況の研究では、漁業者あるいは水産研究者が経験あるいは伝承してきた様々な地域特有
の海況現象に焦点をあて、その実態と変動機構の本質を観測から科学的に説明する役割がある。
このような視点に立っことで、これまであまり取り上げられることのなかった地先特有の現象が解明
され、地域の漁業に貢献できると考える。
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